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MORDENITE DEPOSITS AND ZEOLITE ZONATION IN
THE HORN MOUNTAINS AREA, SOUTH-CENTRAL ALASKA

By D.B. Hawkins'

ABSTRACT

Extensive mordenite-rich tulls occeurring with  the
Talkeetna formation in the Horn Mountains arvea ol
south-central  Alaska  are of commercial grade. The
properties ol the mordenite with regard to commerceial
requirements need further study,

The zeolites in the area were Tormed by burial
diagenesis  and  regional  metamorphism ol lava and
voleanie detritus deposited in o cugeosynelinal {rough,
Heulandite and laumontite zones suggest that the sed
iments were subjected to a maximum temperature near
200YC at water pressures from 0.5 to 3 Kilobars, which
corresponds Lo burial depths ol 1 to 10 kilometers,

The oceurrence of mordenite within the heulandite
sone is probably due to the fine-grained nature of the
parent Lulls, which caused u higher silica activity than
elsewhere in this zone, theveby producing mordenite.

Analeime, which oceurs locally within the mordenite
zone, may have been formed rom mordenite or hoeu-
landite Lulfs by the action ol solutions that were more
alkaline locully than elsowhere in the zone,

The lield test by Cullaz and others (1973) gives vo
liable results and should lind use in zeolite prospecting,

INTRODUCTION
PURPOSE

The primary purpose of this study was Lo investigate
the mordenite deposits of the Horn Mountains area,
upper Matanuska Valley, Alaska. A subordinate pur-
pose was Lo prepare a reconnaissance geologic map of
the arca showing the geologie setting of the mordenite
deposits. A linal purpose was to sample other areas in
the vicinity of the study arca in search of other zeolite
deposits. This study is a conlinuation of that reported
previously (Hawkins, 1973).
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BACKGROUND

The zeolite minerals are of inlerest as important
industrial minerals of use in a variety of fields. The
mineralogical, chemical, and industrial properties of the
zeolites were briefly deseribed by Hawkins (1973) and
more recendly in two detailed general review articles on
the use and properties ol zeolites: Mumpton (1973) and
Munson and Sheppard (1974). These articles should be
consulted by those interested in an overview of the
utility and economie value of zeolites,

THIS STUDY
LOCATION OF AREA

The area studied (pl. 1) is located about 12 miles
north of Tahneta Pass Lodpe at mile 124 ol the Glenn
Highway. The arca is accessible by either off-the-road
vehicles, via roads to nearby placer mines; or by [loal-
equipped fixed-wing aireraft, which can land at South
Lake on the southern extremity of the study arca,

GENERAL GEOLOGY OF AREA

The study consisted of investigating the zeolitization
of the lower Jurassic Talkeetna formation in the Horn
Mountains. As shown by Granlz (1965), splay faults
associated with the Caribou Fault have isolaled and
exposed a triangular seetion of the Talkeelna formation
in the Horn Mounlains area,

The Talkeetna formation in this arca consists mainly
of thick units of pyroclastic sandstones, sillstone, and
claystone (coarse and fine water-laid tuffs), andesitic
and basaltic lavas are also present (pl. 2). Although the
formation is mostly marine, no marine fossils were
found. Wood fragments and casts were observed in some
units, The Talkectna formation as a whole seems Lo be
ty pical ol a cugeosynelinal deposit,



SAMPLING

The primary purpose of the study was Lo delermine
the extent and grade of the mordenite deposit in the
arca. To this end, fist-sized samples were colleeted from
the numerous outerops of tuffs, tuffaccous wackes, and
lavas in the area. Plates 1 and 2 show the localities
from which samples were collected.

MAPPING

Because general mapping was of secondary im-
portance, the geologic map shown in plate 2 is in-
complete. Salient features of the map are based on
Grantz (1965)---particularly the contact between Lhe
Talkeetna formation and the Tuxedni [formation, and
the faults (either mapped or inferred)s this report also
contains details of Quaternary deposits not shown in
plate 2. Mapping of the unils within the Talkeelna
formation was done as part of the study. The map
units shown in plale 2 are based on hand-specimen
properties and lopographic expression of the units,
Map unit Jtk-5, the easternmost unit, consists mainly
of voleanic sandstone (with some Luffs), and basalt and
andesite flows. The unit is moderately altered Lo clay
minerals, Zeolitization is not pronounced, although
void-fillings of heulandite are evident in the coarser
sandstones, Unil Jtk-5 forms a series of low, northeasl-
trending ridges at the mouths of Albert and North
Creeks,

Map unit Jtk-1 is characterized by pumiceous and
vitrie Luffs with subordinate tuffaceous wackes, basalt,
and andesite flows. Zeolitization is more extensive than
in unit Jtk-5, with heulandite void fillings and veinlels
especially common in exposures ol coarser lithologies
in the upper parts of Albert and North Creeks. Unit
Jtk-4 is a swale-forming unitl; that is, il forms the low,
rolling, gently sloping hills crossing the midsection of
Albert Creek and is characterized by a thin-bedded, tan-
weathering tuff capping these hills.

Map unit Jtk-3 consists of pumiceous and vitrie tuffs
generally altered to mordenite, Local sections consist of
mordenite-rich vitrie tuffs, Unit Jik-3 weathers Lo a
buff color and comprises much of the Alfred Creek
basin and the low hills dividing the headwaters ol Albert
and Alfred Creeks. A purple and light-green tuff horizon
of this unit often forms the contact belween map units
JLk-3 and -4. Topographically, unit Jik-3 occupies the
break in slope separating the cliff-forming unit Jtk-1
(below) from the swale-forming unit Jtk-1.

Map unit JLk-2 is a fine-grained, mordenite-rich tuff,
The tuff weathers to tannish white and in some localities
has Lhe appearance of porcellanite. Wood fragments and
casts can be found in some exposures ol this unit on
Albert Creek. Often, thin rosetles of radialing mordenite
crystals, 1/2 to 1 em in diameter, are present in the tuff
partings. These crystals are exeellent field guides in
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locating and mapping this unit. The tuff, which supports
little or no vegetation, forms an casily visible while cap
on the rounded hills at the head of Alberl Creek. In
outerop, the tuff consists of at or partly conchoidal
fragments about 5 em in diameter. Unit Jtk-2 appears
Lo be discontinuously distribuled within map unil Jtk-3.
Careful search revealed no exposures of this unit north-
cast of the Albert Creek exposures. However, Lhe unil
may extend to Lhe southwest side of Alfred Creek,
where sample localitics 79 and 83 may be part ol it.
More detailed mapping is needed here.

Map unil Jtk-1 consists mostly of voleanie sandstones
and basall and andesite flows. Tuffs are present bul are
nol as abundant as in other units, Unit Jik-1 Torms the
cliffs and the summils of the mountains at the head of
Alfred and  Albert  Creeks. The unit is extensively
zeolitized, and containg abundant veins of chalky-white
laumontite and large 2- to 3-em vug fillings of pink
heulandite. AL the head of Alfred Creek basin is a
25-foot-thick layer of mordenite-rich tuff; although
mapped as belonging to unil Jik-1, this tuff has been
designated JLk-2 o draw atlention to its mordenite
enrichment.

Zeolite zonation (discussed on p. 6) indicales that
unil Jik-1 was the most deeply buried unit and is
stratigraphically the lowest unit of those mapped. Unit
JLk-5 is considered Lo be the uppermost unit. This in-
forence is supported by the general 20-degree south-
easterly dip of the lithologie units mapped.

Finally, the contact between the Talkeetna formation
units mapped here and the Tuxedni lormation mapped
by Grantz (1965) was nol determined in the present
study. Consequently, the area in plate 2 belween Lhe
northeasterly  limils of this study and the Tuxedni
formation contacl of Grantz has been left blank.

LABORATORY STUDIES
X-RAY DIFFRACTION

Xray diffraction palterns of the samples were ob-
tained using the procedure previously described (Haw-
kins, 1973). Samples containing zcolites of the heu-
landite-clinoptilolite group were heated lollowing the
method given by Alietti (1972), This was done Lo dis-
tinguish between heulandite and clinoptilolite and Lo
obtain information on the chemical composition of the
heulandite, inasmuch as ils thermal stability varies with
its chemical composition (Alietti, 1972). Heulandite and
mordenile together are difficult to deteet by means of
X-ray diffraction because they share many peaks. Al-
though it was not used in this study, the lechnique
deseribed by Sudo and others (1963), which relies on
the selective dissolution of heulandile (clinoptilofite) in
6N HCH may be useful in subsequent studies. Samples
conlaining 10A clay minerals were treated with ethylene
glycol and X-rayed again Lo determine the presence ol
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expanding-layer clay  minerals. The results ol these
studies are shown in table 1.

FIELD TEST FOR ZEOLITES

Culfaz and others (1973) proposed a simple field
test Tor zeolites based upon the enthalpy of hydration of
dehydrated zeolites, Dehvdrated zeolites react exothor-
mally when hydrated and exhibit a rapid and pro-
nounced temperature  inerease. The amount of the
temperature inerease depends on the Lype and quantity
of the zeolite present. This test was carried oul under
laboratory conditions using a muffle furnace in which
5 samples of powdered zeolitized Lulf contained in
35-mm film canisters were heated for 1 hour, The
samples were capped and cooled to room temperature,
Ten milliliters of water al room temperature were then
added to a sample and the slurry was rapidly stirred with
a laboratory thermometer. The temperature ol the
sample before the addition of the water and the max-
imum temperature of the hydrated sample were ob-
served, and A1, the difference between these two
temperatures, was recorded, This process was repeated
for each sample. The results of this test are shown in
table 1. (Compare with Hawkins, 1973, table 3.)

DISCUSSION

DISTRIBUTTON AND GENESLIS OF ZEOLITES IN
ALFRED CREER—ALBLERT CREEK AREA

As shown in Table 1, most of the samples calleeted
were zeolite-bearing: mordenite and heulandite were the
most abundanl zeolites, and laumontite and analeime
were the least abundant,

Zeolite oceurrences Tor localities shown in plate 2
are especially  interesting. The tvpe of zeolite  (de-
termined by Xeray diffraction) occurring al a given
locality  was plotted on a sample-locality: map. From
this plot it was scen thal heulandite oceurred in two
zones, mordenile in one zone, laumontite in another
cone, and analeime i two localities within the mor-
denite zone. The zeolite zones are delineated by bound-
ary curves called zeolite isograds (pl. 2), Another zone
designatled in plate 2 as the quartz zone is tentatively
suggested. This zone(”?) is based on two samples in
which zeolites were absenl and quartz had Tilled the
fractures and cemented the grains,

The position ol the laumontite zone is not well
established. Only between sample localities 38 and 34
(pl. 2} is the boundary well known. Nevertheless, that a
laumontite zone exists is based on this location, on the
abundant laumontite float encountered at the head of
Alfred Creek, and on the absence ol Lhe association
laumontite-mordenite. The evidenee supporls the ex-
istence of a laumontite zone that is apparenlly separaled
from the mordenite zone by a heulandite zone,

The author examined--—-by  thermal  stability---heu-

landite from both the heulandite and mordenite zones
to see il the polymorphism ol the heulandite could be
used as a basis of comparison, The heulandite exhibited
similar polymorphism, being transformed Lo Heulandite-
B when heated Tor 18 hours at 450°C; in some Cases,
samples from both zones showed the intermediate phas
Heulandite-1, discussed by Alietti (1972). On the basis
ol this test, it is concluded that no gross compositional
differences exist between the heulandites from the two
AONnes,

The zones distinguished here correspond Lo those
observed clsewhere throughout the world and constitute
the zeolite facies (Seki, 1969; Coombs, 1970). Figure 1
shows possible pressure (P} vs lemperature (T) fields
under which the various assemblages are stable, As
shown by Zen (1961) and brielly discussed previously
by Hawkins (1973), the chemical potential of water
in the system is perhaps the most erilical variable
alfecting zeolite stability relations, The more hydrous
zeolites  mordenite ‘L"m")b'm“‘n 7]I¢)()Idnd heulan-
dite (CaAlySiz 0o 6H,O) are stable under a high chemi-
cal potential ol water, whercas the less hydrous zeolile
laumontite [(a'\I‘)Hll{)l.,‘lI[')U) is less stable under
these conditions, The chemical potential of water in
the system varies with the partial pressure of water and
salinity,  Inereasing salinity of intrastratal walers at
depth has the same effeel as incereasing temperatlure in
promoling a zonation from more hydrous to less
hyvdrous phases.

The activity of silica in the system is another im-
portant variable. In going Irom mordenite through
Lieulandite Lo laumontite there is a  progressive de-
silication, Possibie reactions for caleium end-member
zoolites are:

(1) Caleium Mordenite e Heulandite
CaAlySiy 0y . TH,0 CaAlySig 0 4.6H,0
Quartz Waler
+ +
3510, 11,0
() Heulandite N Laumontile

CaAlySiz 0y o 6H,0 CaAl,ySi (0. 11,0
Quartz 3 Water
3510, 2 Ilg()
Other reactions are possible and have been extensively
studied by Seki (1969, 1972, 1973).

Reaction 2, or a variant involving plagioclase, seems
to have occurred in the area studied, inasmuch as
samples 76 and 56, both apparently similar lapilli tutfs,
have been altered 1o heulandite and guartz-laumontite-
caleite, respeetively, .

As reaction ! shows, the formation ol mordenite
requires a higher activity ol silica than does heulandite.
The position occupied by mordenite in the zeolite
facies is presently a subject of debate, Utada (1970,

1971), for example, shows (hat mordenite occupies
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TABLE 1. Sample, hand-specimen description, and mineralogy as determined by X-rav diffraction
and resulls of field test

| Sample locations contained in plates | oand 20 - indicates samples that were not analveed, |
Sample Deseription AMineralogy
1 Tuffaceous wacke Quartz, feldspar, heulandite
2 Tuflf Quartz, feldspar, chlorite, mordenite
. Tutfaceous wacke Quartz, feldspar, chlorite, heulandite
E Tullaceous wacke Quartz, feldspar, heulandite
5 Voleanic arenite Quartz, leldspar, chlorite, heulandite
6 Siltstone Quartz, montmorillonite
7 Basalt Feldspar
8 Pumiceous tuff Quartz, feldspar, heulandite
9 Basalt Feldspar, montmorillonite
10 Dacite(?) Quarlz, feldspar
11 Basalt, altered Quartz, feldspar, mordenite
12 Tuffaceous wacke Feldspar, chlorite
13 Busalt Quarlz, feldspar, montmorillonite
14 Vitrie tull Quartz, feldspar, heulandite
15 Andesite Feldspar, chlorite
16 Tulfaceous wacke Quarlz, feldspar, heulandite
17a Vitric tufl Quartz, leldspar, heulandite
17b Vitric tuff Quartz, feldspar, mordenite
18 Vitrie tuflf Quartz, feldspar, mordenite
19 Tuflaceous wacke Quartz, leldspar
20 Tulfaceous wacke Quartz, feldspar, heulandite
21 Tullaceous wacke Caleite, analcime
22 Tufr Quartz, feldspar, mordenite
23 TuffTaceous wacke Quartz, feldspar, heulandite
24 Tuffl Quartez, feldspar, heulandite
25 Lapilli tulf Quartz, feldspar, heulandite
26 Tuflaceous wacke Quartz, leldspar, heulandite
27 Tufrl Quartz, leldspar, mordenite
28a Vein filling Caleite, heulandile
28b Vitrie tuff Quartz, feldspar, mordenile
29 Tuflaceous wacke Quarlz, feldspar, montmorillonite
30a Tullaceous wacke Quarlz, feldspar, heulandite
30b Quartz-heulandite vein Quartz, heulandite
31 Tulf Quarly, feldspar
32 Vitrie tull Quartlz, feldspar, heulandite
33 Vesicular basalt Feldspar, montmorillonite
34a Tulfaceous wacke Quartz, feldspar, heulandite
34b Tultaceous wacko Quartz, feldspar, chlorite
34c Tullaceous wacke Quartz, leldspar, heulandite
35 TufTaceous wacke Quartz, feldspar, heulandite
36 Lapilli tuff Quartz, caleite, laumontite
37 Tuflaceous wacke Quartz, leldspar, heulandite
38 Basalt Feldspar, chlorite, heulandite
39 Vitrie tulf Quartz, leldspar, mordenite
40 Tulfaceous wacke Quartlz, feldspar, montmorillonite
41 Lapilli tuff Quartz, leldspar, mordenite
42 Tulfaceous wacke Quartz, leldspar, heulandite
43 Tulf Quartz, leldspar, mordenite
44a Tufr Quarlz, leldspar, mordenite
44b Heulandite vein Heulandite
14e Lapilli tul'f Quartz, feldspar, mordenite
45 Tufll Quurtz, feldspar, mordenile
46 Lapilli tult Quartz, heulandite
47 Lapilli tull with heulandite, float  Quarlz, feldspar, heulandite
48 Lapilli tulT Quartz, feldspar, mordenile
49 Andesile Feldspar, analeime, montmorillonite
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TABLE 1. - Continued

ar
Sample Deseription Mineralogy FALY o2
50u Tulf, float Quariz, feldspar, montmorillonite -
50b Tulf, float Quariz, feldspar, heulandite 7.4
51 Tulf, fMoat Quartz, caleite
52 Tuflaceous wacke Quartz, leldspar .
53 Tull Quartz, feldspar, monimorillonite =E
BE Claystone Quartz, feldspar -
55 Tult with zeolite(?) veinlet Quartz, feldspar, mordenite -
56 Tult Quartz, heulandite =
67 Tulf Quartz, feldspar, heulandite 4.6
58 Tulfacoous wacke Quartz, feldspar, mordenite *
H9 Tulf Quariz, feldspar, laumontite -
G0a Felsie tuflf Quartz, feldspar -
60b Felsie tuff Quarlz, feldspar =
Glu Felsie Lulf Quartz, Teldspar
61h Felsic tulT Quartz, feldspar
6le Felsic tull Quartz, feldspar, muscovite
61d Felsic tulf Quartz, feldspar
62 Felsie tulf Quartz, feldspar, muscovite -
63 Felsie tulf Grlass =
fida Felsie tull Quariz, leldspar, montmorillonite
64h Vug filling in felsic tuff Heulandite -
GH Lapilli tufi Quartz, feldspar, heulandite 5.
66 Vitrie tufl Quartz, heulandite 8.5
G7 Tuftaccous wicke Quurtz, feldspar, heulandite 6.0
G8 Tuflaceous wacke Quartz, feldspar, heulandite 8.5
69 Vitrie tuff Quarte, feldspar, mordenite 10.3
70 Pumice with heulandite Heulandite -
71 Vitrie tuff Quartz, leldspar, mordenite 10.3
72 Lapilli tufr Quartz, feldspar, heulandite 3.7
73a Vitrie tull” with mordenite erystals Quartz, feldspar, mordenite -
73h Vitrie tuff Quartz, feldspar, mordenite 13.5
Tda Vesicular basalt, (Mot Quartz, leldspar, laumontite o
T4h Tufl, lMNoat Quartz, heulandite, montmorillonite -
Tdc Tulf, Moat Quartz, leldspar, montmorillonite 7.0
74d Tuff, Moat Quartz, feldspar, laumontite 1.4
Tde Vesicular basall Feldspar, montmorillonite =
75 Lapilli tufl Quartz, feldspar, mordenite 5.5
76 Lapilli tuff Feldspar, montrorillonite, heulandite 2.0
77 Quartz, opaline silica vein Quartz
T8 Tull Quartz, (eldspar --
79 Vitrie tuff Quartz, mordenite 12.0
80 Heulandite vuy lilling Heulandite —--
#1 Tuffaceous wacke Feldspar, heulandite 3.0
852 Lapilli tufr Quartz, feldspar, montmorillonite, heulandite 3,0
83 Vitrice tuffl Quariz, feldspar, mordenite 11.0
84 Tuff, Moat Quartz, feldspar, heulandite 7.8
85 Tull, loal Quartz, Teldspar, mordenite 12.0
86 Vitrie tuff Quartz, feldspar, mordenite 13.0
87 Basalt Feldspar, montmorillonite -
"8 Pumice with zeolite(?) lMoat Quartz, leldspar, laumontite 2.0
39a Tuff Quartz, feldspar, mordenite -
H9b Tull with heulandite veinlet Quartz, feldspar, heulandite --
89¢ Lapilli tufr Feldspar, montmorillonite
90 Heulandite cobble Heulandite
91 Tuft Lost sample
92a Vitrie tull Quartz, leldspar
92h Tuflaceous wacke Quartz, leldspar -
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the lowest P-1' region of the zeolite facies (fig. 1),
whereas Seki and others (1972) have shown Lhat
mordenite can occupy a P-T region extending well into
the laumontite zone. Seki observed that mordenite in
these cases is confined to fine-grained pumice Luffs,
where it was formed by devitrification of glass shards
The relatively coarse-grained, more permeable Lulf bree-
clas associated with the pumice tuffs were altered to
laumontite or prehnite. Apparently the restricted per-
meability and the greater reactivity of the pumice
tuffs permitted the required clevated silica activity to be
reached for mordenite formation in rocks that otherwise
alter to the laumontite-prehnite assemblage,

T

Lawsonite-Albite-
Chlorite

=
Jr =
- -
- s e :
“Prehnite=Pumpellyite
£ 2
no

Heulandite
e,

u—

*, ;
*, Analcime-

% Quartz
Mo?_danile E‘f‘_{:
100 200 300 400
Temperature (°C)

FIGURE 1. Possible pressure-vs-temperature lields lor
low-grade mineral lacies, Arrows represent facies
series as follows: (1) high pressure, low tem-
perature; (2) intermediate; (3) low pressure in-
lermediate; {4) lowest pressure. [Diagram [rom
Coombs (1970). |

With few exceplions, mordenite occurrences are
confined to tuffs with heulandite occurring commonly
in the coarser-grained tuffaceous wackes (Lable 1), This
observation is also evident from figure 2, where il is
seen that the mordenile zone is more or less confined to
map unil Jik-3, a map unit dominated by tuffs. Petro-
graphically, mordenite is nol a common void liller in the
coarser lithologies but is confined Lo pumice fragments,
vitrie tuffs, and voids within these line-grained rocks.
From these observations, the mordenite occurrence in
this area may be similar to that described by Seki (197 3:
and others, 1972), and the formation of mordenite in
this arca is controlled mainly by the nature ol the
reactants and secondarily by the P-T conditions of
hurial,

Analeime oceurrences seem Lo be localized within the
mordenite zone. To date, only one sample (No. 21) has
been petrographically studied; hence the conclusions

drawn are very tentative. Bolh caleite and analeime
oceuy in this sample. As is evident from table 1, calcite
is not a common constituent of the rocks studied, and
the occurrence of caleile in Lhis rock is very likely as-
socialed with the occurrence of analeime. In sample 21,
caleile occurs as matrix and as cement for Lthe “frame-
work™ grains of analcime and as pscudomorphs after
plagioctase. Where fresh, unaltered-appearing plagio-
clase (An45j grains are abundant in many other samples,
only caleite pseudomorphs remain in the plagioclase in
sample 21. In this sample, analeime seems to have
formed from pumice fragments but, unlike mordenite
or heulandite, which replace the glass shards and pre-
serve the texture of the shards, no shardlike texture
remains and the analeime forms aggregates of erystals,

Boles (1972} discussed the formalion ol analcime
from heulandite and clinoplilolite, and pointed oul that
this mode ol formation is favored by alkaline solutions.
He states thal in the Murikiku Supergroup, Soulhland
New  Zealand, both clinoptilolite heulandile and an-
aleime occur in altered tuffs-—-locally in the same bed,
Furthermore, as he discusses marine sediments, the
requisile high pH for analcime formation can be ob-
tained by loss of CO,, from sea waler isolated from the
almosphere, An analﬁgnus situation may have prevailed
for the analeime formation in sample 21, The caleite-
analcime assemblage could have formed by the alteration
of a mordenile tuff in a locally alkaline environment,
which was created by isolation of infrastratal fluids
from the atmosphere, loss of CO., to form calcite, and
finally the precipitation of analéime. Again, this con-
clusion is lentative and detailed chemical and
petrographic studies are needed.,

The ubiguilous occurrence of quarlz in the samples
requires comment, With the few exceptions of samples
92a, 92b, 77, and the guarlz-laumontite rocks (samples
34 and 74), quarlz is not readily evident petrogra-
phically. The framework grains in the tuffaceous wackes
are plagioclase, pumice, and lava fragments, The Xeray
diffraction study clearly shows that the pumice frag-
ments and the matrix of these rocks have been altered Lo
zeolites  and microcerystalline quartz. Vitrie Luffs are
similarly altered. The quartz-zeolite association suggests
the following generalized reaction:

Imore

Andesite(?) Glass + Waler 2@ Zeolites + Quarlz

The apparenl syugenetic association of quartz and the
zeolites mordenite  and  heulandite  implies  that  the
activity of silica in the diagenetie syslem in which the
zeolites lTormed was controlled by the solubility  of
quarlz.

The presence of quartz as vein lilling and cement in
samples 92a and 92b is striking, This may be a strictly
local oceurrence of quarlz: however, the absence of
zeolites and the occurrence of quarlz in their stead may
suggest the existence of a possible guartz zone (pl. 2).
I this zone is valid, it represent the lowest P-T zone of
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diagenesis and burial metamorplism,

There appear Lo be two zeolite zones, heulandite and
laumontite, indicative of different intensity of mela-
morphism, and these zones probably lormed in re-
sponse Lo low-grade metlamorphism of voleanic detritus
in a cugeosyncelinal trough, The mordenite zone re-
presents heulandite subfacies pressure-temperature con-
ditions and ils occurrence in this zone is due to the
control exerted by the reactants, The occurrence of
analeime is due Lo local chemical conditions existent in
Lthe mordenite zone,

Because the position of the heulandite-laumontite
boundary depends on the salinity of the system in which
metamorphism occurred, the voleanic sediments in the
study  area could have been subjected Lo maximum
temperatures around 200°C and waler pressures pro-
bably around 0.5 Lo 3 kilobars, Inereased salinity ol
the system would lower the lemperature ol the hew-
landite-lavmontite  boundary. Sediments in the heu-
landite zone were less deeply buried than were those
in the laumontite zone. Thus, the depth of burial of Lhe
rocks studied appears Lo increase from the southeast to
the northwest as mentioned earlier, However, zeolite
zonation may result from variations in chemical com-
position of the Muids independent of burial depth. The
mechanism  resulting in the observed zeolite zonation
cannol be established unequivocally at this time. For
example, the mordenite zone may represent the lowest
grade zeolite assemblage. As shown in plate 2, this
requires Lhat the melamosphic grade inerease in both a
southeasterly and a northwesterly dircction trom the
mordenite zone, This could oceur if the mordenite-zone
sediments occeupied the erest ol an anticline and the
heulandite-zone sediments oceupicd the flanks of this
anticline during diagenesis. Then, as a result of decper
burial, the flank sediments were inereased in meta-
morphic grade. Structural-geologic evidence al present is
inadeqguate to cither support or refute this hy pothesis,

OTHER LOCALIPIES STUDIED

Plate T shows the docation from  which sanmples
were Laken to investigale possible zoolite localities in
other parts of the Horn Mountains ~Caribou  Creek
arca, Zeolites are present in samples (Nos. 50-58) more
or less conlined to the previously mentioned segment
(p. 2) of the Talkeetna formation. This area should be
investigated further to determine il zeolite deposits of
possible economie value are present,

The lack ol zeolites in samples from localities 60-6:1
was disappointing. These samples are from a thick, well-
exposed sequence ol Tertiary felsic tufts at the head-
waters of Caribou Creek. Except for a few zeolites in
vuags in vesicular lavas associaled with the tuffs, no
soolites were found in this arca. Zeolitization of local
beds wilhin the tufl sequence may be present, but
large-scale  zeolitization  of the tvpe shown by the
Tatkeetna formation does nol seem to be present. A

more  careful examination of these tuffs should be
carricd out; however, yet-uninvestigated exposures of
the Talkeetna formation in the general area should be
studied lirst.,

ECONOMIC POTENTIAL OF MORDENITE DEPOSITS

The mordenite-rich tuffs designated Jtk-2 are of
potential economic value, The areal extenl and thick-
ness of these tuffs are shown in plate 2, The extent of
the mordenite-tufl horizon in the upper heulandite
sone at the head of Alfred Creek remains to be de-
termined. This horizon is cerlainly more exlensive
than is shown in the plate: however, time did not permit
the horizon to be traced further,

An estimate of the grade of the mordenite tufts can
he made from the results of the zeolite field test (table
1). The samples shown in table 2 (excerpted {rom lable
1) are from unit Jtk-2. The mordenite-rich samples 79
and 83 may also be from this unit, but more detailed
mapping is needed Lo establish this.

Asswming thal a pure mordenite sample would show
a4 o'l value of 16.3°C and that &1 increases linearly
wilh inereasing concentration of mordenite, the mean
and standard deviation values of AT of 10.8” and
2,312 correspond Lo an average mordenite concentration
of 66 percent, which varies rom 38 to 95 percent for
two standard deviations about the mean value, In other
words, 95 percent of the time, the mean value of the
mordenile concentration can be expected to fall be-
Ltween 38 Lo 95 pereent. The mean grade is similar to
that of the Union Pass, Mohave County, Arizona de-
posit and the Malheur County, Oregon deposit mined

TABLE 2. Lesulls of zeolile field test for
mordenile-rich samples

Sample 'I'(“(:)l
39 12,5
13 10.5
Ha 10.0
1h 7.2
69 10,3
71 10.0
T 13.5
5 5.5
79 12.0
83 1.0
Hh 12.0
56, 13.0

116 13.0
Mean 10.8
Standard deviation 2,34
Svnthetic sodium

mordenite? 1G5

1. Pemperature difterential {(see po),
20 Hawkins, 1973, table 3.




by Union Carbide and Norton, respectively (Mumpton,
1973). There are several patented processes (Hawkins,
1973, Appendix 1) for the beneficiation of zeolite ores,
In addition, Norton has developed a leaching process
that yiclds a zeolite producl with adsorption properties
similar to Lhose ol synthetic mordenite (Sand, 1968).
(An idea ol the propertics of the mordenite deposit
studied here can be obtained from the data shown in
table 3 of Hawkins, 19730 In addition, a rapid method
for the evaluation of adsorptive properties of zeolites
has been developed by Landolt (1971).

The mordenite deposit studied here is of commercial
grade and extent, and lurther study of the properties
ol the mordenite should be carried out. The manner in
which the mordenite might be used in Alaska remains to
be determined. Applications involving large quantities
of zeolites where uniformity ol the properlies of the
zeolite s nol eritical should be sought., Synthetic
zoolites, which have uniform properties (often for a
particular application), are not likely to be dircetly
cconomically competitive.

The horticultural usefulness of laumontite tults from
Sheep Mountain (Hawking, 1973) was tested by DL
Dinkel of the University ol Alaska, Agricultural Fx-
periment  Station. The details ol this test are nol
available at this time, butl Dinkel {(personal communica-
tion, 1971) coneluded that the laumontite tuffs had no
noticeable effect in hydroponie experiments involving
the growlh ol cucumbers. TU may be that the laumontite
Lults are indeed valueless in agricultural applications or
that some form of pretreatment of the tuff is necessary
to render it agriculturally useful, More work remains Lo
be done here, even though the results of initial ex-
periments are disappointing.

FIELD TEST FOR ZEOLITES

The field Lest for zeolites published by Cultaz and
others (1973) gave resulls in good agreemenl with those
obtained by X-ray dillraction. The test seems to be
much less subject Lo interference by clay minerals than
is the test of Helfferich (1964), which was evaluated by
Hawkins (1973). The test was nol evaluated under
field conditions. The greatest utility of the test may lie
in complementing the X-ray dala and quickly estimating
zeolite grade in monozeolilic tuffs. The test should find
considerable use.

CONCLUSIONS

The mordenite-rich tuffs investigated in this study
are of commercial grade, The properties ol the mor-
denite should be investigaled further to determine il it
meets current industrial reguirements. Mordenile de-
posits in other parts of the Talkeetna formation in the
general study area should be sought.

The  zeolites in the area were formed by burial
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diagenesis and regional metamorphism of voleanie de-
tritus deposited in a eugeosynclinal trough. The ex-
istenee ol heulandite and laumontile zones indicates a
difference in melamorphic grade of the rocks in the
arca, with heulandite being the lower grade mineral
and laumontite the higher grade mineral. This difference
in grade may be due Lo the difference in depth of
burial, that is, the voleanic sediments of Horn Mountains
and those at the head of Albert Creek were more deeply
buried than were those at the mouth of Albert Creek
and North Creck, The sediments were subjected to
maximum temperatures around 200°C and water pres-
sures around 0.5 to 3 kilobars, which corresponds to
burial depths of 1 to 10 kilometers, The temperature of
the heulandile-laumontite boundary was probably less
than 200°C because of the effect of salinity of the
intrastratal walers on the activity of water during
metamorphism.

Mordenite oceurred within the heulandite zone be-
cause ol the fine-grained nature of the Luffs, causing a
higher silica activity in the intrastratal fluids than in the
rest ol the zone, Analeime may have formed locally
from a mordenite or heulandite tuff by solutions locally
more  alkaline than those throughout the mordenite
ZONE,

The field lest of Culfaz and others (1973) gives
reliable results and should be used.
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